1. Introduction {#sec1}
===============

Reports of the prevalence of pain and other sensory symptoms in persons with PD have ranged from 34% to 85% \[[@B1]--[@B8]\]. Several authors have reported that pain may be the first presenting symptom of PD; however, it is only in retrospect that the relationship to PD becomes clear \[[@B3], [@B4], [@B6], [@B9]--[@B14]\]. Once antiparkinsonian medication is instituted, pain may fluctuate with "on" and "off" periods and with fluctuations in dystonia \[[@B7], [@B11]\]. In some cases, antiparkinsonian medication may initiate the pain or make it worse \[[@B11]\]. Pain may be chronic, become more prevalent, occur in a wider area of the body, and/or become more severe as PD progresses \[[@B7], [@B15], [@B16]\].

Various classification schemes have been suggested in reference to the etiology of sensory symptoms in PD. Based on category schemes previously developed by Goetz et al. \[[@B5]\] and Quinn et al. \[[@B11]\], Ford \[[@B7]\] proposed a modified 5-category scheme for classifying pain associated with PD: (a) musculoskeletal pain (pain due to rigidity, rheumatologic disease, or skeletal deformity), (b) neuropathic-radicular pain (pain due to root lesion, focal or peripheral neuropathy), (c) dystonic pain (related to abnormal tonicity and timing of dose of medication), (d) central pain (lesion or abnormality of function within the central nervous system and related to timing and dose of medication), and (e) akathisia (off period or drug-induced). Goetz et al. \[[@B5]\] found pain such as muscle cramps or tightness to be the most common (74% of patients with pain) followed by dystonias, usually in the feet (28%). Radicular, neuritic, joint, and generalized pains were less common (2% to 14%).

Occurrence and severity of pain may be related to other symptoms of PD such as tremor; rigidity; akinesia; dyskinesia, alterations in stance, gait, or mobility; postural deformities; radiculopathy; sciatica; myelopathy; and dystonia \[[@B7], [@B17]\]. Pain is also often associated with psychological conditions such as depression, anxiety, and sleep disorders \[[@B6], [@B7], [@B15], [@B17]--[@B20]\].

Recommended treatment for pain in patients with PD depends on the source of the problem \[[@B7]\]. If the pain is related to antiparkinsonian medication, the dose of the medication may need to be regulated upward or downward or a trial with a different antiparkinsonian medication may be indicated \[[@B7], [@B17], [@B21]\]. If the source of the pain is musculoskeletal in nature, physical therapy \[[@B7]\], exercise \[[@B7]\], oral appliances \[[@B22]\], nonsteroidal anti-inflammatory drugs \[[@B7]\], analgesics \[[@B7]\], botulism toxin \[[@B7], [@B23]\], and arthroscopic or orthopedic surgery \[[@B7], [@B24]\] may be indicated \[[@B17]\]. For other etiologies, tricyclic agents, gabapentin, opiates, and clozapine may be helpful \[[@B7], [@B9], [@B19], [@B22]\]. Honey et al. \[[@B25]\] found that PD-related pain was significantly reduced with unilateral pallidotomy. Loher et al. \[[@B26]\] found that unilateral pallidal deep brain stimulation relieved sensory symptoms best on the contralateral side but had a lesser effect on the ipsilateral side. Bilateral deep brain stimulation also was found to relieve sensory symptoms \[[@B26]\]. Concurrent psychological symptoms such as depression, anxiety, and sleeplessness may require treatment specific to the problem (e.g., antidepressants) in addition to other measures taken to relieve pain.

Cranial Electrotherapy Stimulation (CES)CES is a noninvasive technique used to treat a variety of conditions involving the application of a small amount of electric current through the head via ear-clip electrodes. The analgesic action of subperception CES has been demonstrated in various antinociception models \[[@B27]--[@B29]\]. Extracellular recording techniques indicated that CES modifies noxious evoked responses in pain-processing regions of the brains of rats \[[@B30], [@B31]\]. In humans, the mechanism of action of CES is not fully understood; however, it has been shown to "normalize" neurotransmitter homeostasis \[[@B32]\], stimulate the hypothalamic-pituitary axis by increasing IGF-1 production \[[@B52]\], bring neurotransmitters in stressed participants back to normal levels of homeostasis \[[@B53]\], and increase *β*-endorphins in patients with chronic back pain \[[@B33]\].

A review of the use of CES in the management of chronic pain \[[@B34]\] concluded that CES has been found to be effective in decreasing spinal pain \[[@B35]\], headache pain \[[@B36]--[@B38]\], dental pain \[[@B39], [@B40]\], and pain-related muscle spasms \[[@B41]--[@B43]\], as well as controlling a variety of conditions that are often associated with pain---anxiety, depression, insomnia, and generalized stress \[[@B44]\]. CES has been found to have very few negative side effects. There have been reports of slight irritation at the electrode sites \[[@B37]\], burns at the electrode site \[[@B45]\], slight dizziness \[[@B41]\], headache \[[@B46]\], giddiness \[[@B46]\], and tooth pain \[[@B46]\]. In a recent study, Tan et al. found CES to be effective in relieving musculoskeletal and neuropathic pain in persons with spinal cord injury (SCI) \[[@B47]\]. Not only was there a significant difference in the decrease in pain from before to after daily sessions between those who received active CES versus those who received sham CES, but also there was a significant change in pain interference with several quality-of-life domains from pre- to postintervention.

To our knowledge there have been no studies published regarding the use of CES for pain management in the PD population. Therefore, we conducted a small initial study to determine (a) the feasibility of using CES at home to relieve chronic musculoskeletal pain in the lower back and/or lower extremities in the PD population, regardless of pain etiology, (b) whether a larger study is warranted, and (c) how to best design any future study of CES in the PD population. Musculoskeletal pain in the lower back and/or lower extremities was selected for the study because it is common among persons with PD \[[@B5]\], thus increasing the likelihood of recruiting a sufficient number of participants. Limiting the study to only lower body pain ensured a more homogeneous sample and lower body pain is more disabling because it affects mobility.

2. Methods {#sec2}
==========

From July 2005 through June 2006 a convenience sample was recruited through the Parkinson\'s Disease Research, Education, and Clinical Center at the Michael E. DeBakey Veterans Affairs Medical Center (MEDVAMC), the newsletter of the Houston Area Parkinson Society, and word of mouth. This feasibility study was designed to include up to 20 participants. This sample size was selected based on the availability of resources to support a part-time study coordinator and other project costs. *Inclusion criteria* were (a) diagnosis of PD (diagnosis code of 332.0) confirmed by a movement disorder specialist, (b) at least one chronic musculoskeletal pain in the lower back and/or lower extremity (not necessarily PD-related pain) that began at least six months prior to study entry, (c) average pain intensity rated at the time of recruitment as at least 5 on a scale of 0 (no pain) to 10 (pain as bad as you can imagine), and (d) speak and understand English. *Exclusion criteria* were (a) current substance abuse problem, (b) currently under treatment for a serious psychological or psychiatric disorder that could affect ability to participate in the study, (c) moderate or severe cognitive impairment (score \<21 on the Telephone Interview for Cognitive Status (TICS) \[[@B48]\]), (d) implanted electrical device (e.g., cardiac pacemaker, defibrillator, or deep brain stimulator), and (e) pregnancy.

Participants signed an informed consent form approved by Baylor College of Medicine and the MEDVAMC. The participants completed questionnaires and were trained in the use of the CES device and Daily Pain Rating Sheet. They were randomized to receive either an active or a sham CES device for use at home during the study.

The CES equipment used was the Alpha-Stim SCS (Supplier: Electromedical Products International, Inc, 2201 Garrett Morris Parkway, Mineral Wells, TX 76067-9034 USA), which is a prescription medical technology that is Federal Drug Administration approved for the management of pain, anxiety, depression, and insomnia. The device is illustrated in [Figure 1](#fig1){ref-type="fig"}. Half of the devices provided active CES and the other half had no electric current flowing. Active devices provided subsensory stimulation of 100 microamperes. Active and sham devices were identical in appearance and were identified only with a serial number. Participants and the study coordinator were blinded to group assignment and the code sheet indicating which devices were active and which were sham was kept by another person who was not in contact with the participants. Participants in both the active and sham groups were taught how to use the device, provided with printed instruction sheets, and instructed to use the device 40 minutes daily for six weeks. They were provided with ear clip electrode pads, conducting solution with which to wet the pads, and 9-volt batteries.

A summary of the measures is provided in [Table 1](#tab1){ref-type="table"}. Standardized scales included the TICS \[[@B48]\], the Hoehn and Yahr (HY) Staging of PD Scale \[[@B49]\], and the Unified Parkinson\'s Disease Rating Scale (UPDRS) \[[@B50]\]. The UPDRS motor scale was administered by a PD specialist. Demographic and PD data and information on pain and side effects were provided by the participants. The participants were instructed to provide daily pain ratings on a 0-to-10 scale immediately before and immediately after the end of each 40-minute CES session during the 42-day trial.

For each participant, average pre- and postsession pain ratings were calculated across the number of daily sessions completed. The difference between the average pre- and postsession ratings yielded an average mean change score. Differences in pain ratings between the active and sham groups were assessed with nonparametric Mann-Whitney *U* tests. Within groups, nonparametric Wilcoxon Signed Rank tests were performed to determine whether there was significant pre- to postsession change. The average percent of change from before to after sessions was calculated and Mann-Whitney *U* tests were performed to assess differences between groups.

3. Results {#sec3}
==========

Nineteen participants were recruited and randomized to the active or sham condition. Nine (47.4%) participants had low back pain, two (10.5%) had lower extremity pain, seven (36.8%) had both low back and lower extremity pain, and the specific location of the "study pain" was missing for one (5.3%) participant. The mean number of days a month with pain was 26.3 ± 6.2 and the mean number of hours a day with pain was  7.6 ± 4.2. Characteristics of the sample can be seen in the column labeled "Overall" in [Table 2](#tab2){ref-type="table"}. There were no significant demographic differences between the initial active (*n* = 9) and sham (*n* = 10) groups. There also was no significant difference between the groups in average pain intensity in the past week at the time of the screening telephone call or at the time of the initial visit to the MEDVAMC.

Thirteen (68%) participants provided at least some daily pain data and the remainder of this report concerns data from these 13 participants. Half of the six who did not provide daily data had received active CES devices and half had received sham devices. Reasons for missing daily pain ratings were as follows: *Active---*never started using the device for an unknown reason (*n* = 1), frustrated, and concerned that he was not using it correctly, so stopped using it and did not return the pain rating sheet (*n* = 1), and based on weekly telephone contact data another participant used the device but did not return the daily pain rating sheet for an unknown reason (*n* = 1); and *Sham*---never started using the device because he moved (*n* = 1), did not understand how to complete the daily pain rating sheet, and only put checkmarks indicating that she used the device each day but did not rate pain intensity before and after each session (*n* = 1) and completed but then lost the rating sheet (*n* = 1).

3.1. Daily Pain Ratings {#sec3.1}
-----------------------

Of the 13 recruits who returned at least some daily pain ratings, 6 were in the active group and 7 in the sham group. There was no significant difference in the demographic and PD data between those who did and did not return daily pain rating data or between the active and sham groups who provided daily data ([Table 2](#tab2){ref-type="table"}). On average, the participants with data provided ratings for 31 (74%) of the 42 sessions planned for in the study protocol.

Displayed in [Figure 2](#fig2){ref-type="fig"} are the average daily pain ratings for the active and sham groups. For the active group, the average daily rating was 4.89 ± 1.22 before and 3.75 ± 2.04 after the sessions yielding an average decrease of 1.14 ± 1.21 points (Wilcoxon *Z* = −2.20, *P* = .028). For the sham group, the average rating was 3.82 ± 1.76 before and 3.59 ± 1.75 after yielding an average decrease of 0.23 ± 0.33 (Wilcoxon *Z* = −1.36, *P* = .173). As can be seen in [Figure 2](#fig2){ref-type="fig"}, within each group, average daily change was quite consistent across time. The average difference between the groups in change scores (1.14 versus 0.23) was significant (Mann-Whitney *U* = 7.00, *P* = .045), indicating that pain reduction in the active group was greater than that in the sham group.

Three (50%) of the six active CES participants with daily ratings had an average daily decrease in pain intensity of at least one point (3.41, 1.35, and 1.14). None of the sham group had a decrease of at least one point. The decreases in the active group represented 90, 29, and 21 percent, respectively, of their average before-session ratings. Decreases between 10 and 20 percent are considered minimally clinically important, decreases ≥30 percent are moderately clinically important, and decreases ≥50 percent are considered substantial \[[@B51]\]. Only one person in the sham group had a decrease of greater than 20 percent and he had a very low average before-session pain rating of 0.49. However, a Mann-Whitney *U* test revealed no significant difference between the groups on percentage change (*U* = 11.00, *P* = .153).

Side effects were minimal: *Active*---pulsing, tickling, or tingling sensations on ears (*n* = 3), tender ears (*n* = 1), and pins-and-needles sensation near the bladder (*n* = 1); and *Sham*---drowsiness (*n* = 1), warm ears (*n* = 1), and headache after one session (*n* = 1). Some participants had difficulty manipulating the ear clips and/or replacing the small electrode pads. No serious study-related adverse events occurred during this study.

4. Discussion {#sec4}
=============

This small initial study examined the feasibility of using CES for chronic musculoskeletal pain in persons with PD. The participants were able to use the devices at home, sometimes with the help of a family member. Side-effects were mild and did not cause withdrawals. The results suggest that there may be some benefit from CES for some individuals. The consistency of the daily change scores across the 6-week trial suggests that the results were not due to a placebo effect.

The primary limitations of the study are the small sample size and a large number of participants without daily pain ratings (32% of 19 recruits). The two participants who never started using the device were both males who rated their pain as a 5 on the 0-to-10 scale at intake (the minimum pain rating that met the criteria). However, many other participants who did use the device also had an initial pain rating of 5, suggesting that it may not have been less intense pain that influenced the nonuse of the device. Clearly, better training on the use of the daily pain rating sheet is needed to increase the likelihood of usable data. In addition, perhaps the daily rating sheet data should be obtained and recorded by project staff during weekly telephone contacts to avoid possible loss of data.

The small sample limits our ability to generalize the findings to other persons with PD who have musculoskeletal pain in the lower-body. Larger studies are needed to assess the effect of CES on pain in persons with PD to extend the findings of the present study. Furthermore, based on the data from the active group, it is clear that some participants had a better response to the treatment than others. Future studies should be large enough to assess differences between responders and nonresponders to identify any characteristics that may be predictive of successful pain management through the use of CES.

In spite of meeting the criterion at the time of recruitment that pain intensity was rated as at least a 5 on a scale of 0 to 10, some participants had an average before-session pain intensity rating below 5 during the 6-week trial. The fact that the active group had approximately one point higher average before-session scores than the sham group, despite random assignment to groups, may have had an effect on the results although average change in pain intensity was not significantly related to the average before-session pain ratings (Spearman rho = − 0.15, *P* = .615). The percentage change was also not significantly related to the before-session pain rating (Spearman rho = 0.11, *P* = .720). In future studies, stratification based on initial pain ratings before randomization may improve the similarity of the two groups.

In spite of randomization, the active group was, on average, 10 years younger than the sham group at the time of diagnosis of PD and, time since diagnosis was 10 years longer for the active group at study entry, ([Table 2](#tab2){ref-type="table"}). What effect these differences may have had on the results is unknown; however, neither change in pain intensity nor percentage of change in pain intensity was related to age at diagnosis (change in pain: Spearman rho = 0.28, *P* = .364; percentage change in pain: Spearman rho = 0.41, *P* = .162) or time since diagnosis (change in pain: Spearman rho = − 0.36, *P* = .231; percentage change in pain: Spearman rho = − 0.22, *P* = .471). In future studies, stratification on age at diagnosis and time since diagnosis may be wise in order to better equalize the groups.

Another apparent, but not significant difference between the groups was the UPDRS Mentation subscale ([Table 2](#tab2){ref-type="table"}). However, since the possible total score on the subscale is 16 and the difference between the groups is only 1.5 points, this is not considered to be a meaningful clinical difference. Scores between 1 and 4 are considered to indicate mild conditions. Mentation was not significantly related to change in pain (Spearman rho = − .05, *P* = .878) or percentage change in pain (Spearman rho = − .33, *P* = .270). Furthermore, the groups had very similar scores on the TICS.

We did not do a manipulation check regarding how successful the blinding of the participants was. Asking the participants whether they believed they had an active or sham device would have been instructive on this point. Since the before to after session effect of active CES on pain remained relatively constant from week to week, it may not be necessary to have such a long trial in future studies. Persons initially assigned to sham CES should be given the opportunity to subsequently try open-label active CES. The results of the open-label phase could strengthen the conclusions, if CES is effective.

Additional suggestions for future studies are as follows: (a) daily before-and-after session pain ratings should be included in any assessment of the effectiveness of CES to relieve pain in persons with PD and the duration of pain relief after the session, if any, should be assessed; (b) daily treatments should be 60 minutes long in studies that use the subsensory current level (i.e., 100 *μ*A) to better compensate for the low current; (c) trials are needed in which the strength of the electric current is set above subsensory levels to determine if there is a "dose" response; (d) improvements in the design of the ear clips to make it easier for persons with poor hand muscle control would be helpful for PD and other disability populations; (e) improvement in training participants to use the device at home would be helpful, such as provision of a DVD with instructions and demonstrations to be used at home.

5. Conclusion {#sec5}
=============

In spite of the limitations, the present study met the goals of an initial study. Our findings suggest that using CES at home is feasible in the PD population without serious unintended effects and there may be a decrease in pain for some persons. A larger study is needed to extend our findings, and the study provided methodological guidance for future studies.
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###### 

Summary of measures.

  Measure                                                Purpose                                                                                                                                                                                            Administration schedule
  ------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------
  Demographic and PD Data                                Describe participants and their PD (age, gender, race/ethnicity, marital status, level of education, age at which PD was diagnosed and time since PD diagnosis).                                   Preintervention
  Telephone Interview for Cognitive Status               Exclude persons with moderate or severe cognitive impairment (scores \<21)                                                                                                                         Preintervention
  Hoehn and Yahr Staging of Parkinson\'s Disease Scale   Classify stage of PD                                                                                                                                                                               Preintervention
  Unified Parkinson\'s Disease Rating Scale              Measure mentation, behavior and mood, activities of daily living, motor function, and complications of therapy                                                                                     Preintervention
  Information on Pain                                    Describe pain location on body drawings; days per month and hours per day with pain. Rate average pain on a 0-to-10 scale scale with end points "no pain" and "pain as bad as you can imagine"     Preintervention
  Daily Pain Rating Sheet                                Measure current pain intensity immediately before and immediately after each daily session of active or sham CES (0-to-10 scale with end points "no pain" and "pain as bad as you can imagine").   Daily during 6-week intervention (self-administered)

CES: Cranial Electrotherapy Stimulation; PD: Parkinson\'s disease.

###### 

Characteristics of the sample.

  ---------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                                             Overall *N* = 19   Active with Daily Data *n* = 6   Sham with Daily Data *n* = 7
  ---------------------------------------------------------- ------------------ -------------------------------- ------------------------------
  Demographic Information                                                                                        

   Age at study entry (mean ± SD)                            72.4 ± 8.0         74.7 ± 7.8                       74.4 ± 8.3

   Gender---*n* (%)                                                                                              

    Male                                                     15 (78.9)          4 (66.7)                         6 (85.7)

    Female                                                   4 (21.1)           2 (33.3)                         1 (14.3)

   Race/Ethnicity---*n* (%)                                                                                      

    Caucasian                                                15 (78.9)          5 (83.3)                         6 (85.7)

    African American                                         1 (5.3)            0 (0.0)                          0 (0.0)

    Hispanic                                                 3 (15.8)           1 (16.7)                         1 (14.3)

  Telephone Interview for Cognitive Status (TICS)\           32.8 ± 3.1         32.5 ± 3.9                       34.1 ± 2.0
  (mean ± SD)                                                                                                    

  Parkinson\'s Disease Information                                                                               

   Age when diagnosed with PD (mean ± SD)                    62.6 ± 11.1        59.5 ± 12.4                      69.2 ± 9.4

   Time since diagnosis at study entry (mean ± SD)           10.6 ± 8.6         15.2 ± 12.9                      5.2 ± 2.4

   Hoehn and Yahr stage of PD---*n* (%)                                                                          

    1.5 Unilateral disease with axial involvement            1 (5.3)            0 (0.0)                          1 (14.3)

    2.0 Bilateral disease without impairment of balance      6 (31.6)           0 (0.0)                          2 (28.6)

    2.5 Mild bilateral disease with recovery on pull test    5 (26.3)           4 (66.7)                         1 (14.3)

    3.0 Mild to moderate bilateral disease, some postural\   6 (31.6)           1 (16.7)                         3 (42.9)
       instability, physically independent                                                                       

    4.0 Severe disability, still able to walk or stand\      1 (5.3)            1(16.7)                          0 (0.0)
      unassisted                                                                                                 

  Unified Parkinson\'s Disease Rating Scale (UPDRS)\                                                             
  (mean ± SD)                                                                                                    

   Mentation, Behavior, and Mood (maximum score = 16)        2.3 ± 1.9          1.8 ± 1.6                        3.3 ± 1.9

   Activities of Daily Living (maximum score = 52)           14.3 ± 5.1         14.7 ± 5.2                       14.4 ± 5.0

   Motor Exam (maximum score = 108)                          28.5 ± 12.7        27.3 ± 11.2                      26.4 ± 12.6

   UPDRS Total Score (maximum score = 176)                   47.5 ± 18.1        46.2 ± 15.5                      46.1 ± 17.0

   Complications of Therapy (maximum score = 23)             2.5 ± 2.0          2.3 ± 1.4                        2.0 ± 1.3
  ---------------------------------------------------------------------------------------------------------------------------------------------

PD: Parkinson\'s disease; SD: standard deviation.
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